2 18 Abstract 19 Obesity and its comorbidities are currently considered an epidemic, and the involved 20 pathophysiology is well studied. Recently, the gut microbiota has emerged as a new potential 21 therapeutic target for the treatment of obesity. Diet and antibiotics are known to play crucial 22 roles in changes in the microbiota ecosystem and the disruption of its balance; therefore, the 23 manipulation of gut microbiota may represent a strategy for obesity treatment. Fecal microbiota 24 transplantation, during which fecal microbiota from a healthy donor is transplanted to an obese 25 subject, has aroused interest as an effective approach for the treatment of obesity. To determine 26 its success, a multiomics approach was used that combined metagenomics and metaproteomics 27 to study microbiota composition and function.
Introduction
219 the V3 and V4 regions of the 16S rRNA gene sequence that were used to analyze the relative 220 abundances and diversity in the microbiota at different taxonomical levels.
221 The two dominant phyla were Bacteroidetes (14.6 -44.5%) and Firmicutes (52.6 -84.1%) in 222 both groups, which is in line with the results of previous studies [21, 34] . The Bacteroidetes to 223 Firmicutes ratio (B/F) was significantly increased (p=0.023) in the HFD group (B/F=0.393) 224 compared to the LFD group (B/F=0.294). No differences were found with regard to phylum 225 level or alpha diversity or the Shannon and Simpson indexes, but some comparisons could be 226 made at the family level, and a clear separation between the groups was observed (Fig 3) . In 227 total, the abundances of 9 family taxa were significantly different between the LFD-and HFD-228 fed rats (Table 1) ; 7 out of 9 were from the Firmicutes phylum, and 6 were from the 229 Clostridiales order. Even the abundance of Clostridiales was not very high (52.0 -89.8%), and 230 Clostridiales was probably the order most affected by diet and was responsible for gut 231 microbiota disruption. Similar results have been reported before that have shown clear 232 differences in microbiota composition when a diet rich in fat is administered [19] [20] [21] 35 ] and 233 that the Firmicutes phylum, including the Clostridiales order, represents the taxon with the most 234 changes in terms of microbiota composition.
235 Fig 3. A) PCA of the family OTU abundance and the proteins that were identified that shows 236 the separation between the LFD and HFD groups. The first two components are shown along 237 with the percent variance that is explained by each. The points correspond to the individual 238 samples. 248 To assess the impact of diet, the differences between the LFD and HFD groups were identified, 249 which showed that 22 and 11 proteins were up-regulated in the HFD group and the LFD group, 250 respectively (Table 2) ; most of these proteins were involved in metabolic functioning and 251 played roles in numerous biological processes, such as the TCA and ATP metabolic pathways.
252
The differences in all 33 of these proteins allowed us to perfectly separate both groups (Fig 3) .
253
254 304 In addition, the relative abundances were compared at the family level for both the LFD and 305 HFD groups. In the LFD group comparison, distinct differences were found in 18 family taxa, 306 most of which are in the Firmicutes and Proteobacteria phyla, whereas in the HFD groups 307 distinct differences were found for 15 family taxa among the Bacteroidetes, Firmicutes and 308 Proteobacteria phyla (Table 3 and Fig 4B) . A total of 10 families were found to be in common 312 All of these were regulated equally in the ABS groups compared to the respective non-ABS 313 groups. Similar changes in microbiota composition were found in several previous studies of 314 chronic antibiotic exposure [36-38] that showed a significant reduction of bacterial richness and 315 diversity and corroborated the effectiveness of gut microbiota depletion for FMT studies. 334 the FMT groups compared to both the LFD and the HFD group (one-way ANOVA). These 335 differences could be ameliorated by prolonging the FMT treatment in future studies, but these 336 differences were quite small.
317
337 Additionally, a decision was made to determine whether some differences could be found at the 338 family level. After one-way ANOVA, the abundances of 10 families were found to be 339 significantly different between two of the three experimental groups, as shown in Table 4 .
340 However, Tukey post hoc tests revealed that the abundances of only 3 families were 341 significantly different between the LFD and HFD groups (Clostridiaceae, Christensenellaceae 342 and Mogibacteriaceae) and were not significantly different when the FMT group was compared 343 to the LFD group. Moreover, these three families were equally regulated in the LFD and FMT 344 groups when compared to the HFD group. This indicates greater similarity between the FMT 345 and LFD groups than between either of these groups and the HFD group. PCA and hierarchical 346 cluster analysis (HCA) based on the relative abundances of these 3 families was performed to 347 assess the similarities between the LFD, HFD and FMT groups. As shown in Fig 5A and B , the 348 FMT group was more similar to the LFD group than the HFD group even when the rats were 349 fed a hypercaloric diet during and after ABS and FMT treatment. 358 359 Furthermore, metaproteomics was performed to assess the disruption of microbiota 360 functionality due to diet and FMT. To assess whether there were some differences between 361 these three groups, one-way ANOVA was performed, and a total of 235 proteins were found to 362 be different in one of the groups. These proteins allowed us to perfectly separate these three 363 groups during PCA ( Fig 6A) . Of these 235 proteins, 155 and 194 were different in the FMT 364 group compared to the LFD and HFD groups, respectively. Moreover, 21 proteins were 365 significantly different between the LFD and HFD groups, and this could also explain the 366 differences between these groups and the FMT group. As seen, the greater number of significant 367 proteins in the FMT group compared to the LFD and HFD groups may be due to the low level 368 of biodiversity observed in the FMT group, as previously described. 376 377 Subsequently, each of these proteins was assigned to a taxonomical family to correlate them 378 with the metagenomics results, but only the Clostridiaceae family showed significant 379 differences based on both omics approaches (Table 5 ). However, if we made the same 380 comparison based on the order taxon, the majority of families that showed significant 381 differences were from the Clostridiales order and the Firmicutes phylum, as was observed when 382 only the LFD and HFD groups were compared. 383 384 428 429 Finally, the corroboration of our findings was challenging due to the low number of studies that 430 have been published that have assessed the relationship between metaproteomics and hosts, and 431 even fewer have examined this after FMT. Nevertheless, a study that was performed in rats fed 432 a diet rich in fat and rats fed a chow diet found that Firmicutes were presumed to benefit from a 433 high-fat diet [41] , which is contrary to our findings that showed that the abundance of 434 Firmicutes was reduced in the HFD group. However, these differences depend on the part of the 435 colon that is analyzed, as shown in this paper. Moreover, another study performed in pigs found 436 that proteins involved in carbohydrate metabolism showed the most changes in HFD animals, 437 but proteins involved in this process were not changed in our study [42] .
439 Conclusions
440 The gut microbiota is essential for maintaining health and has a primary role in metabolism and 441 homeostasis, and its alteration during obesity is a problem that needs to be addressed. Our 442 results applied a combination of metagenomics and metaproteomics approaches to confirm 443 some previous observations: (i) the diet can alter the biochemical composition of the gut 444 microbiota either by shifting the phylotype composition or the activity of bacterial cells; (ii) 445 antibiotics disrupt microbiota biodiversity; (iii) FMT is effective in recolonizing the gut 446 microbiota and in restoring some metabolic functions. When testing these three microbiota 447 modulation strategies, different changes were observed in the bacterial metaproteome, 448 demonstrating that every single change in the host environment can affect microbiota function.
449 In addition to results observed over a short-term period of time [16, 18] , these findings show that 450 a HFD has a major impact on the mouse cecal microbiota that extends beyond compositional 451 changes to major alterations in bacterial physiology, and FMT can be considered a new strategy 452 to treat obesity.
